Sputum smear microscopy is the main and often only laboratory technique used for diagnosis of 2 tuberculosis in resource poor countries, making quality assurance (QA) of smear microscopy an 3 important activity. We evaluated the effect of a five-day refresher training for laboratory 4 technicians and distribution of new microscopes on the quality of smear microscopy in thirteen 5 primary health care laboratories in Kinshasa, Democratic Republic of Congo. The 2002 External 6
Introduction 1
Tuberculosis (TB) is one of the world's leading causes of infectious disease morbidity 2 and mortality. The World Health Organization estimated that there were 8.9 million new cases 3 of TB in 2004, of which 3.9 million were sputum smear positive (10) . Each individual with 4 untreated smear positive TB infects 10-15 persons per year, making the identification of these 5 infectious patients one of the key aspects of TB control (11) . 6 Case detection through quality assured bacteriology is an essential element of the WHO 7 STOP TB Strategy (8) . Because of limited culture capacity, many resource-poor countries rely 8 solely upon sputum smear microscopy for diagnosis of TB. The quality of smear microscopy 9 depends on a network of local laboratories and external quality assessment (EQA) of these 10 laboratories under the supervision of the National Reference Laboratory (NRL) (9) . EQA of 11 smear microscopy in resource poor settings most often consists of on-site unblinded review by a 12 laboratory supervisor of positive slides and 10% of negative slides. This method that has not 13 been validated in the field, is labor intensive, and often a neglected part of national TB programs 14 in resource poor countries (7) . 15
In an effort to simplify and standardize EQA activities, and to prioritize EQA at National 16 TB Control Programs (NTP), a practical EQA guideline was developed by an international 17 working group and endorsed in 2002 (1) . These international EQA guidelines recommend three 18 methods to evaluate laboratory performance: on-site assessment using a standardized 19 questionnaire, panel testing of technician proficiency using centrally prepared slides, and blinded 20 rechecking of a random sample of routine slides from each peripheral laboratory. To decrease 21 the EQA workload, the blinded rechecking recommendations incorporate statistical sampling 22 methods developed for industrial quality control. To date, few countries have implemented the 23 2002 EQA guidelines and few studies have evaluated the routine implementation of these new 1 guidelines in resource poor settings (3) (4) (5) (6) . 2 We assessed the impact of an intervention consisting of a 5-day refresher training for 3 laboratory technicians and distribution of new microscopes on the performance of smear 4 microscopy. We assessed the feasibility of implementation of two components of the new EQA 5
Guidelines, blinded rechecking and on-site evaluation, in thirteen laboratories in Kinshasa, DRC. 6
Panel testing was not evaluated as it has limited value in assessing routine performance and 7 might best be reserved for testing at the end of training sessions (7). 8 9
Methods

10
The study was conducted as part of a technical assistance program to the Democratic 11
Republic of the Congo (DRC). The DRC is ranked 11 th among high burden countries (10), has 12 1083 sputum microscopy centers, 23 regional laboratories and one National Reference 13 Laboratory (NRL) in the capital Kinshasa. Only the NRL has culture facilities. 14 Several steps were implemented as part of the study. First, selected sites were visited for 15 on-site evaluation and collection of slides for blinded rechecking pre-intervention. Second, all 16 laboratory staff performing smear microscopy at the selected sites followed a 5 day refresher 17 training at the NRL and new microscopes were distributed to each site. Third, nine months later, 18 slides were again selected for blinded rechecking. 19
Site selection 20
Thirteen diagnostic TB centers were selected among the 89 diagnostic TB centers in 21
Kinshasa, based on the smear microscopy workload in 2003. The selected 13 laboratories 22 performed 45% of all AFB smears in Kinshasa. The median annual workload at the 13 selected 23 sites was 4371 (range 1283-17,837) sputum smears for acid fast bacilli. Carbol Fuchsin staining 1 solutions for the entire city were centrally prepared and quality controlled before distribution to 2 the health care centers. Smear microscopy was performed according to DRC National 3
Guidelines. Selected sites agreed not to rotate laboratory technicians during the study period. 4
On-site evaluation 5
On-site evaluation of each laboratory was performed utilizing the comprehensive on-site 6 evaluation checklist proposed by the 2002 EQA guidelines and adapted to reflect the DRC NTP 7 guidelines. The evaluation was completed by the same NRL and research staff for all sites and 8
consisted of both open and closed ended questions, simple observations and a limited on-site 9 slide rechecking. 10
Intervention 11
All laboratory technicians employed at the study sites followed a 1-day theoretical and 4-12 day practical refresher training course in smear microscopy. Participants were administered a 13 standardized pre-and post-training test addressing theoretical and practical knowledge related to 14 TB and AFB sputum microscopy. Each center received one or two new microscopes following 15 the training, and technicians were instructed on their use and care. 16
Blinded slide rechecking 17
The blinded slide rechecking process consisted of sample size calculation, slide storage, 18 slide collection, blinded slide rechecking at the NRL before and after restaining, rechecking of 19 slides with discrepant results at a supranational reference laboratory, and classification of errors. 20
In compliance with the 2002 EQA guidelines, the smallest possible sample size that 21 allows solid conclusions about the performance of a laboratory was calculated using the Lot 22
Quality Assurance System (LQAS) method. The 2003 positivity rate and the total number of 23 slides processed at all laboratories in Kinshasa were provided by the NTP. The maximum 1 number of false negative errors allowed in a sample was set at 0 (acceptance number d=0). The 2 sensitivity (expected performance) of the peripheral laboratory technicians compared to the 3 controllers was set at 80%. The specificity of the peripheral laboratory technicians compared to 4 the controllers was set at 100% (no false positives tolerated). Based on these parameters, the 5 annual sample size needed for the blinded rechecking was 57 slides per site. 6
Each peripheral laboratory was asked to store the 500 most recently collected slides, 7 correctly labeled and cleaned with xylene. The 57 slides for blinded rechecking were selected 8 from these 500 stored samples. To ensure a random, unbiased and representative sample of slides 9 for blinded review from each site, sample slides were identified from the register by the research 10 staff and collected by the laboratory technician. If a slide was missing, the next slide identified 11 in the register was selected. The selected slides thus represent negative, positive and scanty 12 positive results in proportion to their occurrence in the lab register. 13
Randomly selected slides were reviewed in a blinded fashion at the NRL using the same 14 standard technique employed at the peripheral laboratory. Results were reported according to the 15 standard IUATLD grading scale (Table1). Following initial review at the NRL, all slides were 16 also rechecked after restaining. Discrepant results were resolved at the Institute of Tropical 17
Medicine of Antwerp, Belgium, a supranational reference laboratory (SRL). The technician at 18 the SRL was informed of both results but was blinded to which result was from the peripheral 19 laboratory and which was from the NRL. The decision given at the SRL was considered final. 20
All errors were defined as quantification error, low or high false negative or false positive 21 result, according to the international EQA classification (Table 2) . EQA results were interpreted 22 using the most stringent criteria listed in the guidelines, suggesting that any major error (HFP or 23 HFN) is unacceptable performance, as well as the least stringent criteria suggesting that any 1 HFP, more than three LFN, and one or two HFN defines unacceptable performance. 2 3
Results 4
Evaluation of laboratory technicians' knowledge and skills pre and post refresher training 5
Participants had good understanding of the basic theoretical aspects of TB and sputum 6 microscopy prior to participation in the refresher training (Table 3) . Training resulted in a 7 marked improvement in the practical component (smear preparation, staining and reading), with 8 median test scores increasing from 70% pre training to 86% post training (Chi Squared test 9
P<0.01). 10
On-site evaluation 11
The most common problems encountered during the on-site evaluations were shortage of 12 materials (such as distilled water, lens tissue, disinfectant) and unavailability or poor condition of 13 the necessary equipment (including wire loops, staining racks, biohazard waste bin, microscope) 14 (Table 4) . Other common problems involved poor microscope care, improper smear preparation, 15 staining or reading techniques, incorrect data recording and slide storage, and lack of feedback 16 from the NTP. 17
Participant feedback 18
In general, questionnaire administrators felt that the tool was clear, accurately reflected 19 laboratory conditions and was important in motivating laboratory workers in their daily work. 20
Some laboratory technicians and the NRL supervisor reported that the on-site evaluation process 21 was too lengthy and time-consuming (1-2 hours) for routine supervision. Some technicians 22 experienced the new requirements for storing slides as too cumbersome and complex. 23 were detected also remained unchanged from pre-intervention to post-intervention assessment. 14 LFN results also remained more common than LFP results. 15
A C C E P T E D
Overall, 26% of the discrepancies were detected upon restaining of the slides at the NRL. 16
Most (80%) of the discrepancies detected by restaining were minor errors. Similar to studies in India, the Philippines and Mexico, we found blinded rechecking and 3 the LQAS strategy operationally feasible (3) (4) (5) (6) . The blinded rechecking identified those 4 laboratories with a high number of smear microscopy errors and allowed the distinction between 5 those laboratories with optimal and sub-optimal performance. Similar to a study in Uganda, we 6 conclude that a standardized on-site assessment is a useful tool in quality control and that 7 meaningful changes can be successfully implemented based on the results (2). The on-site 8 evaluation identified potential problems underlying substandard performance at deficient 9 laboratories and helped the formulation of corrective actions. On-site evaluation was also a key 10 in motivating laboratory technicians. Implementation of the new EQA method resulted in an 11 important decrease in the number of slides to be rechecked, but the use of the comprehensive 12 standardized checklist was time consuming (1-2 hours) and many of the deficiencies identified 13 were common with multiple findings suggesting problems in the same areas. These limitations 14 of the on-site evaluation may be overcome by the short checklist included in the 2003 EQA 15
Guidelines as a template, and tailoring the questionnaire to the specifics problems a country or 16 region has identified at sentinel sites may further improve the efficiency of the on-site 17 evaluation. 18
The greatest challenge we encountered was related to the interpretation of the results, 19 provision of timely feedback and formulation of corrective actions. The 2002 EQA guidelines 20 state that "When establishing a rechecking program, it will be important for the NTP to establish 21 standards for acceptable performance, as well as recommended investigation steps and 22 appropriate actions to correct problems". Unfortunately, the directions given in the guidelines on 23 interpretation can lead to confusion. The 2002 EQA guidelines suggest three different 1 interpretations. All interpretations have no errors of any type as the target for optimal 2 performance and recommend that any major error and frequent minor errors trigger an evaluation 3 and corrective action if needed. According to the most stringent interpretation, any major error 4 may indicate unacceptable performance; while according to the least stringent interpretation, any 5 HFP or one or two HFN result may indicate unacceptable performance. While HFP errors should 6 not occur (specificity set at 100% in sample size calculation), an isolated HFP can be due to a 7 clerical error. More than one HFP suggests serious microscope malfunction, grossly inadequate 8 technique or inability to recognize acid fast bacilli due to inadequate training or high staff turn-9 over. HFN may suggest work overload, poor staining reagents or technique, inadequate 10 microscopes or incorrect reading. Frequent LFN results should also be addressed for these 11 deficiencies, but are most often due to careless work 12
In our study, most laboratories had one or more major errors, predominantly false 13 negative errors. The number of laboratories with unacceptable performance pre-intervention was 14 8 (61.5%) when applying the example in the guidelines with the most stringent criteria and 4 15 (31%) using the least stringent criteria. Until the working conditions in under-resourced public 16 health systems are corrected, the use of the least stringent criteria may be more efficient, as a 17 higher proportion of laboratories with a problem in need of technical correction would be 18 focused on. Under such conditions, one may even consider to reduce the set-point of sensitivity 19 from 80% to 70%. This would allow EQA staff to focus on timely feedback, problem solving 20 and supportive supervision at those laboratories with poorest performance. 21
Even though the five-day training resulted in significant improvement of scores on a 22 standardized test, refresher training and provision of new microscopes did not lead to observable 23 long-term (9 month) improvement in the quality of smear microscopy. This may be because 1 certain factors were not addressed by the intervention, such as the high workload, poor working 2 conditions and poor staff motivation, because the sample size in the LQAS method is too small 3 to detect relatively small improvements in performance, or because the training did not have a 4 long lasting effect. 5
The logistical complexity of involving both a national and supranational reference 6 laboratory resulted in important delays in feedback of results to the peripheral laboratories. This 7 experience suggests that the EQA process will only be effective and allow for rapid feedback if 
